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Purification of Contaminated MIL-PRF-83282 Hydraulic Fluid using the Pall Purifier and Multiple Process Configurations Introduction
The amount of hydraulic fluid used by all branches of the military is significant both in terms of volume and cost. The disposal of used hydraulic fluid is a cost, time, and logistical component that can be greatly reduced by the purification and reuse of used hydraulic fluid. This report describes a project that evaluated the effectiveness of various hydraulic fluid purification process configurations on the removal of water and particulate contaminants from MIL-PRF-83282 hydraulic fluid in 55-gallon drums.
Materials and Methods
The fluid used in this evaluation was fresh MIL-PRF-83282 hydraulic fluid that was contained in a 55-gallon drum. The actual fluid amount contained in the drum and subjected to the purification process was approximately 53 gallons. The purifier used in the tests was a Pall portable purification unit model #PE-00440-1Z ( Figure 1 ) and all testing was carried out under ambient conditions (above 60°F/15°C). A slurry of natural Arizona road dust containing particles of various sizes was introduced into clean MIL-PRF-83282 and used to simulate particulate contamination. Laboratory-supplied distilled water was used for the water contaminant.
Sampling of the fluid was accomplished by inserting one end of a ½" outside diameter glass tube into the drum and the other end fixed to a clean collection flask then drawing up approximately 6 oz. of the fluid into the flask by applying a slight vacuum (Figure 2 ). The fluid in the flask was then transferred to a clean sample bottle for analyses. The glass tubing and collection flasks were thoroughly washed with filtered hexane between sampling sets then the tube purged with N 2 and the flasks heated in an air-circulating oven at 200°C for 1 hour. During a second run using the two-drum purification process configuration, a new sampling technique was introduced that allowed the fluid to be drawn directly into the sample bottle so there would be no need to use a collection flask (Figure 3 ). This eliminated the fluid transfer step from the flask to the bottle and also the need to wash the sampling flasks after each sample was taken. The new technique utilized a vacuum connector between the end of the sampling tube and the sample bottle. Applying a slight vacuum to the connector allowed the fluid to be drawn up the tube, through the connector and into the sample bottle. However, due to the increased length on the receiving end of the glass sampling tube caused by the vacuum connector, the inlet/suction end of the glass tube was not long enough to reach the bottom fluid sample so the original vacuum flask sampling technique was used for the bottom fluid section sample. The glass tube was still washed as previous with the vacuum connector being washed in the same manner as the tube.
Samples were analyzed using a HIAC Royco model 8000A automatic particle counter and Karl-Fisher model 447 Coulomatic Titrimeter to determine the amount of particle and water contamination, respectively. Gravimetric analysis was performed in place of or in addition to using the automatic particle counter for several of the sample sets.
Procedure
This project evaluated two different purification process configurations. The first configuration utilized a "two-drum" set-up where the contaminated fluid was passed from its original drum, through the purifier then into a clean empty drum (Figure 4 ). This was followed by cycling the fluid between the purifier and the second or "clean" drum only ( Figure 5 ). The second configuration utilized a "single-drum" setup where the contaminated fluid was cycled only between the purifier and the original fluid drum. Various lengths of discharge tubing (12, 18 and 24 inches) were evaluated within the single-drum purification method to determine if this had any effect on the results of the purification process.
Before starting the very first test, the new, clean fluid was sampled from the top (~2" below fluid surface), middle and bottom (~2" from drum bottom) and analyzed for particulate and water content as a baseline and to determine how much of each contaminant had to be added prior to starting the experiment. Water content was <100 ppm, the particulate level was NAS 1638 Class 6 and the gravimetric analysis was <1.0 mg/mL. While the specification limit for particulates in new MIL-PRF-83282 hydraulic fluid is NAS 1638 Class 5, this is not expected for fluid stored in drums because drums are allowed to "breathe". Then, while stirring the clean hydraulic fluid using an air-driven mixer, the particulate slurry was added until a sample drawn from the middle of the fluid registered a particle reading of NAS 1638 Class 12 or a gravimetric reading >1.0 mg/mL. Then, distilled water was added until the middle sample registered 600-700 ppm of water. During the test run, samples were taken from the top, middle and bottom of the fluid at predetermined time intervals until the minimum cleanliness limits for MIL-PRF-83282 was reached (NAS 1638 Class 5 for particulates and/or <1.0 mg/mL and <100 ppm water).
Two-Drum Purification Process Configuration
Following the contamination of the clean hydraulic fluid used in the two-drum configuration, the mixer was stopped and removed and the fluid was allowed to settle for 72 hours prior to starting the purification process. Samples were taken at 24 hour intervals from the top, middle and bottom of the fluid in an attempt to document the kinetics of the settling process.
After the 72-hour settling time, a 32"-long 6061 T-6 steel inlet/suction tube was connected to a quick-disconnect assembly in the large bung-hole of the contaminated fluid drum lid. The bottom of the tube was situated approximately 2" from the bottom of the drum. The lid was then secured onto the drum. Next, the inlet/suction hose of the Pall purifier was attached to the other end of the quick-disconnect assembly of the contaminated fluid drum. The outlet/discharge hose from the Pall purifier was attached to a quick-disconnect assembly in the small bung-hole of a clean empty drum lid. A 12"-long 6061 T-6 steel tube having an inside diameter of approximately 3/4" was attached to the opposite end of the quick-disconnect assembly to discharge the fluid into the clean empty drum.
Prior to starting the purification process, venting of each of the drums to prevent vacuum and pressure buildup was accomplished by loosening the cap in the bunghole not in use on each drum lid. Then the purifier was started and the fluid was drawn from the contaminated fluid drum, through the purifier and into the second drum in just under 20 minutes. Following the single pass purification, samples were taken from the top, middle and bottom of the fluid in the second drum and evaluated for particles and water content. The inlet/suction tube from the original contaminated fluid drum was cleaned and then attached to the large bunghole in the lid of the second drum. Cycling of the fluid between the second drum and the purifier was begun with samples taken from the top, middle and bottom of the fluid every 15 minutes for the first hour and then every hour after that until the minimum requirements for cleanliness were reached (NAS 1638 Class 5 for particulates and/or <1.0 mg/mL and <100 ppm water).
Single-Drum Purification Process Configuration
After the two-drum purification process was completed, six gallons of additional new, clean MIL-PRF-83282 hydraulic fluid was added to the second drum. This was done to make up for the fluid that was not transferred from the original contaminated drum to the second drum and also to make up for fluid lost due to sampling. The inlet/suction and outlet/discharge tubes that were used in the two-drum method were left in place for the single-drum method. A sample from the middle of the fluid was taken and evaluated for particles and water content to confirm the cleanliness of the fluid. The fluid in the drum was then contaminated as previous and cycling of the fluid between the drum and purifier was started immediately (i.e., no waiting/settling period). During the run, samples were taken from the top, middle and bottom of the fluid every 15 minutes for the first hour and then every hour after that until the minimum cleanliness limits were reached (NAS 1638 Class 5 for particulates and <100 ppm water).
This procedure for the single-drum method was repeated using the 18" and 24" discharge/outlet tubes. Also, the fluid in the drum was topped off before each run with approximately 1 gallon of new, clean MIL-PRF-83282 hydraulic fluid to make up for the fluid lost due to sampling.
Results and Discussion
The results from all of the runs are shown in Tables 1-7 . At the beginning of each test run, all of the fluids had a NAS 1638 particle count reading of 12 and water content between 600-700 ppm. Generally, the fluid reached the minimum cleanliness limits within a 2-hour time period. Transferring the fluid from one drum, through the purifier and to another drum seemed to have the greatest effect on contaminant removal. Specifics of each of the test runs are discussed below.
Two-Drum Purification Process Configuration

Run #1
The results from the first run using the two-drum purification process configuration are shown in Tables 1 and 2 . Prior to adding any contaminants to the new, clean fluid, samples were taken from the top, middle and bottom of the fluid and evaluated for particle count, particle weight and water content. The samples registered a NAS 1638 Class 6 reading for particle count, 0.37 mg/mL for particle weight (top and middle samples) and a range of 91-99 ppm water, all typical for drums of new MIL-PRF-83282 hydraulic fluid.
Since high water content can interfere with the automatic particle count determinations, the Arizona road dust slurry was added first until a sample taken from the middle of the fluid produced a reading of NAS 1638 Class 12. Then distilled water was added incrementally until the water content for the middle fluid sample was at least 600 ppm. A reading of 613 ppm of water was achieved following the addition of 105 mL of distilled water. Then three more samples were taken from the top, middle and bottom of the fluid and analyzed for water with the top and bottom samples also being analyzed for weight of particulate contamination. These samples were designated as initial samples (time = 0). While the particulate weight of the top and bottom samples measured 1.70 and 1.59 mg/mL, respectively, the water readings dropped by up to 10% from the previous reading ranging from 543-596 ppm (569 ppm avg.). This may have been caused by the tendency of water to adhere to the sides of the barrel under saturated conditions. The fluid was then allowed to set for three days with samples taken after each 24-hour period.
After 24 hours, top, middle and bottom fluid samples were taken and analyzed for particle count and water content. All three samples had particle counts of NAS 1638 Class 12, however, the actual particle counts were generally reduced within each size category, especially the 25µm and larger sized particles. The particle counts of the largest sized group, measuring >100µm, decreased by 90% ( Table 2 ). The water contents ranged from 574-608 ppm (594 ppm avg.).
Top, middle and bottom samples were again taken from the fluid after 48 hours and analyzed for particle count and water content. At this point, the particles from the top section of the fluid had settled out enough so that a NAS 1638 Class 11 reading was obtained. The middle and bottom sections remained at NAS 1638 Class 12 though the actual particle counts within each of the particle sized groups continued to decrease. Water content was maintained with readings for the three sections ranging from 576-597 ppm (588 ppm avg.).
After 72 hours, both the top and middle fluid sections of the fluid registered NAS 1638 Class 11 for particle count while the bottom fluid sample remained at NAS 1638 Class 12. Actual particle counts continued to decrease but only significantly for those in the 15-25µm and 25-50µm-sized ranges. Particle weights were measured for the top and bottom samples resulting in 0.864 and 0.836 mg/mL, respectively, a 50% drop from the 0 hour measurement and below the gravimetric cleanliness requirement in the MIL-PRF-83282 specification. Water content again held steady ranging from 589-597 ppm (593 ppm avg.).
After the transfer of the fluid from the original contaminated drum, through the purifier and into the second clean drum, both the water and particulates had been reduced by approximately 50%. Particle counts for the top, middle and bottom samples measured NAS 1638 Class 6, 5 and 6, respectively; while the water content ranged from 288-294 ppm (291 ppm avg.).
Particle count NAS 1638 Class readings for each of the three fluid sections remained in the 5-6 range for the next 45 minutes of cycling the fluid between the second drum and the purifier. After 1 hour of purification, all three fluid sections were NAS 1638 Class 5 which met the MIL-PRF-83282 cleanliness requirement. The water content continued to decrease during this time but required between 1-2 hours to reach the minimum requirement of <100 ppm.
Particle count NAS 1638 Class, contaminant weight, and water content of the residual fluid in the original contaminated fluid drum measured 12, 1.38 mg/mL and 520 ppm, respectively. The actual particle count readings for the larger particle size groups (>25µm) were high relative to the original starting amounts indicating that settling did occur with the larger particles concentrated at the very bottom of the fluid.
Run #2
The second run using the two-drum purification process configuration was carried out similarly to the first run with the results shown in Tables 3 and 4. The particulate slurry and distilled water were added to the clean fluid to give readings for the middle section sample of NAS 1638 Class 12 and 628 ppm for particle count and water content, respectively. The actual quantity of particles measured within each of the particle-sized groups for this run, however, was significantly greater than the first run.
The particle count NAS 1638 Class and water content results for the samples taken from the top, middle and bottom sections to represent time = 0 were 12 and ranged from 625-630 ppm, respectively. Over the next three days, the particle count NAS 1638 Class remained 12 but the water content dropped approximately 10% to a range of 564-585 ppm (576 ppm avg.) for the 72-hour samples. Also, similar to the first run, the actual particle counts within the larger-sized particle groups (>25µm) decreased significantly indicating that settling of these particles was occurring (Table 4) . Beginning with the 24-hour samples, the modified sampling technique was introduced. This technique utilized a vacuum connector between the end of the sampling tube and the sample bottle. Applying a slight vacuum to the connector allowed the fluid to be drawn up the tube, through the connector and into the sample bottle (Figure 3 ).
Following the transfer of the fluid from the original contaminated drum, through the purifier and into the second clean drum, both the water and particulates had been reduced by approximately 50%. Particle count NAS 1638 Classes for the top, middle and bottom samples measured 6, 7 and 6, respectively; while the water content ranged from 300-308 ppm (304 ppm avg.).
During the course of cycling the fluid between the second drum and purifier, the water content dropped in a similar fashion as the first run requiring 2 hours for the top, middle and bottom samples to reach the minimum requirement of <100 ppm. Particle count NAS 1638 Class readings for the top, middle and bottom samples over this time remained at 6 and 7. After 3 hours of cycling, the particle count NAS 1638 Class readings were 5, 4 and 6 for the top, middle and bottom samples, respectively. The original sampling method was used to obtain all three section fluid samples after 4 hours of cycling where the NAS 1638 particle count Classes for the samples met the cleanliness requirement with the results being 5, 4 and 5, respectively. Charts showing the particulate and water removal results for each of the two-drum process configuration runs are shown in figures 6 and 7, respectively.
Single-Drum Purification Process Configuration
12" Discharge Tube
Results using the single-drum purification process configuration and the 12" discharge tube are shown in Table 5 . The fluid was contaminated as previous using the particulate slurry and distilled water to give contamination levels of NAS 1638 Class 12 particulate and 665 ppm water. After 2 hours of cycling the fluid through the purifier, the particulate content had been reduced to the minimum cleanliness requirement of NAS 1638 Class 5. After 3 hours, the water content had been reduced to the minimum cleanliness requirement of <100 ppm with the range of values for the three fluid section samples (top, middle and bottom) being 64-78 ppm (73 ppm avg.).
18" Discharge Tube
Results using the single-drum purification process configuration and the 18" discharge tube are shown in Table 6 . The beginning fluid contamination levels were NAS 1638 Class 12 particulate and 700 ppm water. Two hours of cycling the fluid through the purifier were required to reduce the particulate contamination to the minimum cleanliness requirement of NAS 1638 Class 5 (the middle and bottom samples each measured Class 4). Also after this same time period (2 hours), the water content had been reduced to just under the minimum cleanliness requirement of <100 ppm with the range of values for the three fluid section samples being 94-97 ppm (96 ppm avg.).
24" Discharge Tube
Results using the single-drum purification process configuration and the 24" discharge tube are shown in Table 7 . The beginning fluid contamination levels were NAS 1638 Class 12 particulate and 672 ppm water. Similar to the 18" discharge tube test, 2 hours of cycling the fluid through the purifier reduced the particulate contamination to the minimum cleanliness limit of NAS 1638 Class 5 (the top and middle samples each measured Class 4). The water content was reduced to under the minimum cleanliness requirement of <100 ppm after 2 hours as well with the range of values for the three fluid section samples being 78-89 ppm (84 ppm avg.).
Discharge Tube Comparison
Plots showing a comparison of the particulate and water removal using each of the three discharge tubes are shown in figures 8 and 9, respectively. All three runs reached the minimum level of cleanliness limits (NAS 1638 Class 5 for particulates and <100 ppm water) in 2-3 hours. It may be said that the longer the tube, the better the system operates to remove particulates, but this is not significant or clear-cut based on the results. The plot showing water removal does display a minor advantage to using the longer discharge tube; however, the advantage does not appear to be significant.
Conclusions
This project evaluated the effectiveness of various hydraulic fluid purification process configurations on the removal of water and particulate contaminants from MIL-PRF-83282 hydraulic fluid in 55 gallon drums. The two primary configurations included a two-drum system; which involved a single pass through the purifier from one drum to another followed by cycling the fluid between the purifier and second drum; and a singledrum system which involved cycling the fluid between the purifier and the single drum only. The former method included a three-day settling period prior to starting the purification process while the latter configuration evaluated the effects of three different discharge tube lengths on the contamination removal process.
After three days of allowing the contaminated hydraulic fluid to set under ambient conditions, it still registered high levels of particulates (NAS 1638 Class 12) and water (593 ppm). But the actual amounts of particulates within each size category did show a significant decrease over this time, especially for the larger-sized particles, indicating that they were settling out of the fluid (Tables 2 and 4 ). There was no significant change in the water content or its distribution throughout the fluid.
Following the single pass of the fluid from one drum through the purifier then into a second drum, used in the two-drum method, the level of contamination was reduced by about 50%. The cleanliness requirements, in terms of water and particulates, for MIL-PRF-83282 hydraulic fluid were achieved after 2 hours of cycling the fluid between the drum and the purifier for both the two-drum and single-drum configurations. This would indicate that the single-drum method would suffice to clean the fluid and does not require a second drum or a changing out of the purification unit hoses.
With regard to the variable lengths of discharge tubing, it is not clear as to its effect on the contamination removal process based on the tests run here and the associated results. It does appear that the primary advantage to using a longer discharge tube may be to reduce the level of water contamination more quickly.
While the hydraulic fluid cleaning in drums was successful, that was because we were removing volatile or insoluble (particulate) contaminants. Higher boiling, soluble contaminants like JP-8, engine oil, greases, etc are not capable of being removed via purification so if cleaning of used hydraulic fluid in drums is going to be done, the hydraulic fluid in the drums has to be free of those types of contaminants. Very scrupulous segregation of used oils, greases, fuel must be accomplished to safely purify used hydraulic fluid collected in drums. 
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12" TUBE 18" TUBE 24" TUBE Table 1 : Test results from run #1 using the two-drum purification process configuration Table 4 : Actual particle amounts over the 3-day settling period from run #2 using the two-drum purification process configuration Table 5 : Test results from the single-drum purification process configuration using the 12"-long discharge tube Table 6 : Test results from the single-drum purification process configuration using the 18"-long discharge tube Table 7 : Test results from the single-drum purification process configuration using the 24"-long discharge tube
